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[57] ABSTRACT

A sludge blanket-clarified liquid interface detector ap-
paratus for a wastewater treatment process including a
floating decanter assembly preferably includes a sludge
detector light source and light sensor pair positioned in
spaced apart relation on a sludge layer detector frame
which is suspended in depending relation below the
floating decanter assembly. The light sensor is inter-
faced to a process controller to which is also interfaced
a decanter valve which flow controls the decant cycle
of the process. As the decant cycle proceeds, the de-
canter assembly descends along with the falling level of
liquid in the process reactor until the detector descends
past the interface and into the sludge layer. The de-
crease in light transmission between the light source and
sensor is signaled to the controller which causes the
decanter valve to close to end the decant cycle to pre-
vent the discharge of polluting sludge from the reactor.

15 Claims, 1 Drawing Sheet
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SLUDGE BLANKET LEVEL DETECTOR
SUSPENDED FROM FLOATING DECANTER

BACKGROUND OF THE INVENTION

The present invention relates to a sensing device for
determining where a sludge layer begins in a settled
waste water treatment vessel, so that clarified waste
water above the sludge can be removed from the vessel
without entrainment of the sludge.

Sequencing Batch Reactors (SBR’s) are utilized to
treat wastewater, leachates, and other liquid streams
from municipal, private, industrial, and combined
sources. The design and ultimate cost of SBR’s is deter-
mined by examining the expected average and maxi-
mum waste water flow rates as well as the organic and
chemical pollutant content of the wastewater. Typi-
cally, one of these factors will determine the minimum
size or capacity of the plant and associated equipment.
This, in turn, determines the cost of the system and the
operational limits as well.

Frequently, the hydraulic load to the plant is highly
variable and becomes a limiting factor. This is especially
true when plants are designed to handle high storm
flows, or when a multiple unit plant is designed prop-
erly to continue to operate effectively when one or
more of the units are out of service, so that the remain-
ing units must be capable of handling the full flow.

In a sequencing batch reactor process, it is required
that clarified fluid be withdrawn after a settling stop
from the reactor or digester within which the process is
occurring. During certain cycles within the reactor,
especially mix cycles, sludge is agitated with all of the
fluid in the reactor in order to mix organic and chemical
degrading bacteria with materials in the water being
treated. It is important that the decanting system not
allow the sludge to enter the decanter during the mix
cycles and that the sludge not settle within the decant-
ing system to prevent sludge from being withdrawn
~along with the clarified liquid when the sludge has
settled and clarified liquid is withdrawn from the reac-
tor. Sludge entrained with and discharged with the
clarified liquid causes substantial downstream pollution
and 1s very undesirable.

One of the major problems with certain prior art
decanter systems for use in batch reactors has been that
a receiver for the decanter has had the interior thereof
open to fluid within the reactor during sludge mixing

cycles. When the sludge is being mixed with the incom-

ing effluent and the entire reactor is in a generally mixed
state, sludge occurs near the top of the reactor as well as
at the bottom. If the receiver is open at this time, the
sludge usually enters the receiver and settles therein

during a settling cycle. Thereafter, when the clarified

fluid 1s withdrawn thmugh the receiver, the sludge that
settled within the receiver is entrained with the clarified
fluid to pollute the effluent.
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Over the years, engineers have developed various .

devices to solve this problem. In one such device, an
initial quantity of clarified effluent removed from the
reactor during each decanting cycle is pumped back

~ into the reactor to thereby return the entrained sludge.

However, such a solution requires a pump and control
mechanisms which complicate the system and can eas-
~1ly fail, leading to substantial downstream pollution.

Other attempts to solve the problem of sludge settling

within the receiver have been directed to physically
removing the receiver from the tank during mixing

65
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cycles. This typically requires a cumbersome and ex-
pensive structure which is suitably strong to hold a
decanting system out of the reactor during the mix
cycle. In addition, where freezing is likely to occur,
fluid from the decanting structure may freeze if raised
from the body of liquid in the reactor, or the fluid level
at the top of the reactor may freeze which can make it
difficult or impossible to raise and lower the decanting
structure.

Various types of pressure responsive valves or flaps
have been placed in the openings to the decanting sys-

‘tem to keep sludge out of the system when the contents

of the reactor are being mixed. While such valves or
flaps have had varying degrees of success in reducing
the sludge that settles in or on the intake of the decanter,
such valves and flaps cannot protect against the de-
canter being lowered into the settled sludge layer itself.

To overcome the problem of lowering the decanter
into the sludge layer, some processes simply cease de-
canting upon reaching a specific pre selected water
lever which is determined by a float switch, or by a
level sensing device, which is monitored by a computer
or microprocessor. In most cases, this type of operation
1s grossly inefficient. The float switch or level indicator
does not provide an indication of the height of the set-
tled sludge blanket within the vessel. The height of the
settled sludge blanket does vary with different condi-
tions, especially with respect to how recently sludge
was wasted from the vessel. Therefore, if the sludge
biomass has not settled below the height where the
discharge enters the decanter, highly polluting sludge is
discharged to the environment directly. On the other
hand, the discharge of clarified supernatant may be
stopped at such a selected water level, when in fact a

large quantity of dischargeable supernatant may be
available below that level.

A reliable system to monitor the sludge level and
operate in such a manner that a high percentage of the
dischargeable liquid is decanted with every cycle would
maximize the treatment capacity of the process, reduce
the initial construction cost and size, as well as avoid the
inadvertent discharge of sludge.

SUMMARY OF THE INVENTION

‘The present invention provides an apparatus for de-
tecting the top of the settling layer of settled sludge in a
wastewater treatment process and closing a decanter
valve 1n a clarified water decanter when the decanter
gets to within a preselected distance above the sludge
layer. As used herein the terms sludge layer or sludge
blanket refer to the region of concentrated sludge that
settles to the bottom of a waste water treatment reactor
after agitation is stopped in the reactor.

In particular, a photoelectric sludge layer detector is

‘suspended below a floating decanter inlet structure by

suspension means such as a cable. Preferably the detec-
tor includes a light source and a light sensor positioned
in spaced apart relation to allow the liquid in the pro-
cess basin to flow therebetween. Because the sludge is
opaque, it blocks the transmission of light from the light
source to the light sensor in proportion to the density of
the sludge suspended in the water. The detector light
source and sensor are mounted on a detector frame and

suspended from the floating decanter, preferably by a

flexible cable which allows the detector assembly to be
lifted penodlcally for cleaning.
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Decanting of the clarified effluent is controlled by a
decanter valve which, in turn, is controlled by a process

controller or computer which also controls the fill, mix,

and settling cycles of the wastewater treatment process.

In general, the settling cycle in a sequencing batch

reactor is a timed period occurring at the end of the mix
cycle in which the decanter valve is held closed. At or
near the end of the settling cycle, the decant cycle is
initiated by opening the decanter valve, and the clari-
fied effluent flows out of the reactor through the de-
canter entry structure or receiver into the decanter
conduit. .
The sludge generally settles out during the settling
cycle mto a defined layer or blanket fills a lower level
within the reactor. The decanter receiver is buoyantly

supported by a float and, thus, descends as the fluid

level in the reactor drops. When the light passing from
the detector light source to the detector light sensor is
blocked by sludge because the sensor apparatus has
descended into the sludge layer, the controller causes
the decanter valve to close to end the decant cycle. The
light sensor may be connected to the controller by
threshold sensing circuitry so that a selected level of
hight blockage is required to cause the decanter valve
closure to be triggered. Normally, the decanter is
spaced a fixed distance, such as eighteen inches above
the sensor to provide a margin of safety against the
sludge being drawn into the decanter. |

The sludge layer detector preferably functions in
cooperation with a downstream turbidity sensor which
detects sludge within outflowing effluent in the de-
canter conduit. Normally, the interface between the
sludge blanket and the clarified effluent is a relatively
smooth horizontal plane. However, the sludge blanket
can be locally disturbed in 2 manner which would not
be immediately detected by a single sludge layer detec-
tor. Since the decanter receiver is horizontally elongate,
it 1s possible that sludge away from the sludge layer
sensor could enter a part of the decanter receiver and be
decanted which is the reason for the gap between the
sludge layer sensor and the decanter as well as the rea-
son for the downstream sensor.

The downstream turbidity sensor is similar in con-
struction and operation to the sludge layer detector and
includes a light source and a light sensor positioned in
spaced apart relation within the decanter conduit. The
light sensor is coupled to the process controller, as
through a threshold sensor. Upon the detected light
level from the turbidity light source decreasing to a
selected level during the decanting cycle, the controller
closes the decanter valve to cease decanting. The con-
troller may be programmed to wait an additional set-
thng period before resuming the decanting cycle after a
shutdown caused by the detection of sludge in the de-
canter conduit. o | | |

A decanter receiver may be provided with a plurality
- of sludge blanket layer detectors spaced therealong and
coupled to the process controller whereby the decanter
valve is closed if any one of the detectors detects the
sludge layer or a disturbed portion thereof. The outputs
of multiple sludge layer detectors can be combined by
logic circuitry, such as a logic OR circuit, a majority
logic circuit, or the like. |

The sludge interface detector mounted on the float-
Ing decanter structure may be used in cooperation with
one or more fixed sludge interface detectors mounted at

a fixed depth within the process reactor vessel. Such a

fixed detector may include a light source and light sen-

4

sor which is interfaced to the process controller
through a threshold detector. In contrast to the floating
detector which causes a logic state change when light
transmission is diminished by immersion in the sludge
layer, the fixed detector causes a logic stage change
when light transmission increases to a selected degree,
or maximizes, by the sludge interface descending below

- the fixed detector. The logic state change caused by the
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fixed detector detecting the clarified layer may be used
to initiate the decant cycle, which is then terminated
when the floating detector detects the sludge interface.

In addition to the sludge blanket interface detector
based on photoelectric principles, the present invention
also contemplates the use of ultrasonic ranging tech-
niques to detect the sludge interface. As used in the
present invention, an ultrasonic pulse is transmitted
from an ultrasonic transducer toward the interface. The
difference in densities, and other properties, of the
sludge layer and the clarified water causes a portion of
the transmitted pulse to be reflected toward the trans-
ducer. Because the reflection or echo of the pulse from
the floor of the reactor is likely to be much stronger
than a reflection from the sludge interface, circuitry

associated with such an ultrasonic apparatus can be used

to distinguish between the relatively weak interface
reflection and the stronger floor reflection. Addition-
ally, the ultrasonic detection circuitry can be adjusted
to 1ignore any reflections occurring after a set window
of interest. As with conventional ultrasonic ranging
techniques, the time of reception of an echo after the
transmission of the pulse is proportional to the distance
of the reflecting medium from the transducer. The pro-
cess controller can be programmed to close the decant
valve when the detected distance between the sludge
interface and the transducer decreases to a selected
distance to thereby avoid introduction of sludge into the

decanter assembly. - |

OBJECTS AND ADVANTAGES OF THE
INVENTION

The principal objects of the present invention are: to
provide a wastewater treatment process with the capa-
bility of maximizing the decanting of clarified effluent
without discharging polluting sludge; to provide a
sludge blanket layer detector apparatus for detecting a |
settled layer of sludge in such a process wherein the
detector causes the shutdown of the decanting cycle
process in response to detection of the top of the sludge
blanket layer; to provide such an apparatus including a
light source and a light sensor positioned in spaced
apart relation on a sludge layer detector frame which is
suspended beneath a floating decanter receiver of the
process reactor; to provide such an apparatus wherein
the light sensor is interfaced to a process controller of
the process, the controller being interfaced to a de-
canter valve within the decanter receiver whereby
when the light transmitted from the light source to the
light sensor is diminished during the decant cycle by
suspended sludge, the decanter valve is closed to pre-

vent the discharge of polluting sludge from the process

reactor; to provide such an apparatus in combination
with a downstream turbidity sensor to cause closure of
the decanter valve in response to detecting suspended
sludge in the fluid passing through the decanter conduit;
to provide such an apparatus which may include a plu-
rality of sludge blanket layer detectors suspended along
an elongated decanter receiver; and to provide such a
sludge blanket layer detector apparatus which is eco-
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nomical to manufacture, which is positive and efficient

In operation, and which is particularly well adapted for
its intended purpose.

Other objects and advantages of this invention will
become apparent from the following description taken
In conjunction with the accompanying drawings
wherein are set forth, by way of illustration and exam-
ple, certain embodiments of this invention.

The drawings constitute a part of this specification,

include exemplary embodiments of the present inven- 10

tion, and illustrate various objects and features thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary transverse sectional view of
a wastewater treatment basin having a sludge blanket
layer detector apparatus embodying the present inven-
tion suspended from a floating decanter structure
thereof, with a lowered position of the decanter appara-
tus shown in phantom lines.

FIG. 2 is an enlarged fragmentary sectional view,
taken along line 2—2 of FIG. 1, which illustrates details
of the floating decanter structure and the sludge blanket
layer detector apparatus.

FIG. 3 1s a simplified block diagram illustrating the
sludge blanket layer detector apparatus along with a
downstream turbidity detector connected through a
process controller to a decanter valve of the process.

DETAILED DESCRIPTION OF THE
INVENTION

As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be un-
derstood that the disclosed embodiments are merely
exemplary of the invention, which may be embodied in
various forms. Therefore, specific structural and func-
tional details disclosed herein are not to be interpreted
as hmiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any
appropriately detailed structure.

Referring to the drawings in more detail:

The reference numeral 1 generally designates a
sludge blanket layer detector apparatus which embodies
the present invention. The apparatus is suspended from
a floating decanter assembly 2 of a wastewater treat-
ment process reactor 3 and is used to detect a sludge
blanket layer 4 within the reactor 3 during a decant
cycle of the process to control a decanter valve 5§ which
opens to withdraw clarified fluid from the reactor dur-
‘ing the decant cycle. | B |

The illustrated reactor 3 is a sequencing batch reactor
in which batches of wastewater 7, such as biologically
or chemically contaminated water, are treated in such a
manner as to convert the contaminants into non oxygen
demanding materials and gasses leaving the sludge blan-
ket layer 4 which contains a2 mostly active bacterial
~biomass and, clarified water 9 above the sludge blanket
layer 4. The clarified water 9 is periodically removed or
decanted by way of the decanter assembly 2. The treat-
ment process includes a fill cycle in which the reactor 3
is filled with the wastewater 7 to be treated, a mix cycle
in which bacteria rich sludge (not shown) is mixed
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odically excess sludge may be wasted from the reactor
3

- The reactor includes a bottom wall or floor 11 with a

side wall 12 extending thereabout to close the sides
thereof. The reactor 3 may be circular or rectangular as
viewed from above. The wastewater 7 to be treated is
pumped 1nto the reactor 3 by a fill pump 15 through a
fill valve 16 to a fill conduit 17 which connects with a
distribution manifold 18 having a plurality of apertures
19 spaced therealong and extending across and near the
floor 11 of the reactor 3. A mixer apparatus 22 is sup-
ported above the floor 11 and has a water supply con-
duit 23 and a compressed air conduit 24 connected
thereto. Water propelled by compressed air is sprayed
radially through radial mixer nozzles 25 of the mixer 22
to agitate the sludge with the wastewater 7 to promote
reaction therewith while mixing oxygen with the reac-
tants. The mix cycle may, overlap with the fill cycle.

During the settle cycle, the sludge settles toward the
reactor floor 11 in a generally well defined layer 4
which, over time, deposits in a blanket onto the floor 11
of the reactor 3. Normally, the decant cycle is begun
before complete deposition of the sludge has occurred.
The effluent 9 is decanted by opening the decanter
valve §, allowing the clarified fluid 9 to enter the de-
canter assembly 2 and discharge through the decanter
conduit 28. The decanter assembly 2 includes an elon-
gated decanter manifold or receiver 30 which has a
plurality of entrance apertures 31 passing from the exte-
rior to the interior on a lower side thereof. The aper-
tures 31 preferably have valve members (not shown)
therein, such as disclosed in U.S. Pat. No. 5,036,882,
which remain closed during the fill, mix, and settle
cycles to avoid the entry of suspended sludge into the
decanter assembly 2 but which are opened by differen-
tial pressure when the decanter valve 5 is opened.

The decanter manifold 30 is buoyantly supported by
an elongate float member 32. The illustrated float mem-
ber 32 is oriented parallel to the manifold 30 and is
connected thereto by means such as double ended collar
connectors 33 which are rotatably connected to the
manifold 30 and fixedly connected to the float 32. The
manifold 30 is flow connected by a decanter collector
conduit 34 and a flexible elbow conduit 35 to the de-
canter conduit 28. The decanter valve 5 is positioned in

- the conduit 28 and controls flow therethrough. As the

30

35

along with oxygen with the wastewater for reaction

with biological and chemical contaminants therein, a
settle cycle in which the sludge (biomass including live
bactenia) 1s allowed to precipitate to the bottom of the
reactor 3, and a decant cycle in which the clarified
~effluent or water 9 is decanted from the reactor 3. Peri-

65

uppermost level of the clarified water 9 descends, the
floating decanter assembly 2 pivots downwardly about
the flexible elbow conduit 35, and the rotatable relation-
ship of the connectors 33 with the decanter manifold 30
allows its vertical relationship with the float 32 to be
maintained. The decanter assembly 2 may include a
mechanical elbow joint 36 to strengthen the flexible
elbow conduit 35 and to resist flexure of the elbow
conduit 35 about a vertical axis.

The sludge blanket layer detector apparatus 1 in-
cludes a sludge blanket light source 40 and a sludge
blanket light sensor 41 mounted in spaced apart relation
on a sludge blanket detector frame 42. The apparatus 1
is suspended below the decanter manifold 30, by suspen-
sion means such as the illustrated cable 43 connected
between the frame 42 and one of the connectors 33.
Alternatively, the detector apparatus 1 could be

- mounted using a rigid member. The apparatus 1 is pref-

erably positioned on the order of two feet below the
decanter manifold 30 but this spacing can be varied
should reactor conditions dictate, that is waste water at
each location is different and the spacing may need to
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be lengthened where the sludge blanket and clarified

water interface 44 is poorly defined or shortened where
the interface 44 is clearly defined.

The light source and sensor 40 and 41 may be de-
signed to respectively emit and receive light in the visi-

ble spectrum or the infrared spectrum, depending, in

addition to other factors, on the physical configuration
of the housings in which the elements 40 and 41 are
mounted and the susceptibility of such housings to am-
bient light leakage. Preferably, the mutually facing sur-
faces of the elements 40 and 41 are oriented vertically to
avoid degradation of their performance due to the de-
position of sludge on lenses (not shown) thereof. The
use of the flexible cable 43 allows the apparatus 1 to be
Iifted periodically for cleaning such lenses. It is desir-
able for the light sensor 41 to be very sensitive to detect
even small amounts of suspended sludge in the clarified
fluid 9. However, such sensitivity may cause the sensor
to be vulnerable to electrical noise and the like. There-
fore, the light sensor 41 is preferably interfaced to the
process controller 46 by a threshold detector 48, such as
a Schmitt trigger circuit or the like, which outputs a
change of logic state in response to the light sensed by
the sensor 41 diminishing to a selected level.

The controller 46 is preferably a programmable com-
puter and may be the overall controller for the entire
wastewater treatment process occurring in the reactor
3. The controller 46 may, alternatively, be a slave pro-
cessor which only controls the decant cycle and which

communicates with such an overall process controller.

The controller 46 is interfaced to the decanter valve 5
through appropriate drivers (not shown) which may
include amplifiers, relays, and a solenoid actuator (not
shown). The decanter valve is opened and closed on
command from the controller 46.

As the decant cycle progresses and the clarified efflu-
ent 9 drains through the decanter manifold 30, the sur-
face level 60 of the fluid in the reactor 3 drops, causing
the floating decanter assembly 2 to descend and the
collector conduit 34 pivots downwardly, as indicated
by the arrow 50 in FIG. 1. The detector apparatus 1

eventually enters the sludge blanket layer 4 by passing

through the interface 44. The light from the light source
40 to the light sensor 41 is obscured by the dark and
generally opaque material in the suspended sludge in
~ the layer 4 which is located between the light source
and sensor 40 and 41, causing the threshold detector 48
to output a change of logic state to the controller 46. In

response, the controller 46 causes the decanter valve 5

to close, thereby ending the decant cycle. The wastewa-
ter treatment process 1s made more efficient by the use
of the sludge blanket layer detector apparatus 1 since
the maximum clarified fluid 9 is decanted without risk-
ng the discharge of polluting sludge by use of the appa-
ratus 1. S | |

In order to provide further assurance that suspended
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sludge is not discharged during the decant cycle, the

reactor 3 is provided with a downstream turbidity sen-

sor 33, which is positioned in the decanter conduit 28.
The turbidity sensor 55 includes a turbidity light source
56 and a turbidity light sensor 57 positioned in spaced

apart relation within the decanter conduit 28. The pres-

ence of suspended sludge in the effluent 9 diminishes the
light from the light source 56 to the light sensor 57. The

turbidity light sensor 57 is interfaced to the controller

46 through a turbidity threshold detector 58 which

outputs a selected change of logic state upon the light
- sensed by the sensor §7 diminishing to a selected level.

8

In response to such a change of logic state from the
threshold detector 58, the controlier 46 causes the de-
canter valve 3 to close to end the decant cycle. Such a

shutdown of the decant cycle is preferably followed by
a settling period, after which the controller 46 polls the
sludge blanket threshold detector 48 to determine if

suspended sludge is detected by the sludge blanket light
sensor 41. If not, the decant cycle is resumed, subject to
further interruption by the downstream turbidity sensor
55 if suspended sludge is thereafter detected in the efflu-
ent 9 flowing through the decant conduit 28.

The apparatus 1 may be used in cooperation with a
fixed position clarified liquid-sludge blanket interface
sensor 65 mounted, as on the reactor side wall 12, by a
fixed sensor bracket 66. The fixed sensor 65 may be
configured similar to the floating interface sensor appa-
ratus 1 and interfaced to the process controller 46 by a
threshold detector (not shown). The fixed sensor 65
senses the interface 44 by detecting the increase or max-
irmization of light transmission between elements of the
sensor 65 as the sludge layer 4 settles below the sensor
65, whereby the clarified effluent 9 begins to surround
the sensor 65. When this happens, the sensor 65 causes
a logic stage change which is communicated to the
controller 46. The logic state change may be employed
by the controller 46 to initiate the decant cycle which is
thereafter terminated by detection of the interface 44 by
the floating interface detector 1. |

It is foreseen that other types of sludge sensors could

‘be utilized in accordance with the present invention.

For example, the sensor could be an ultrasonic sensor
that would identify the clarified liquid-sludge blanket
interface by reflection of a portion of an ultrasonic pulse
from the interface 44. The appropriateness of using such
an ultrasonic technique would depend on the relative
densities of the clarified layer 9 and the sludge blanket
layer 4, the distinctness of the interface 44 therebe-
tween, and other factors.

It 1s also foreseen that the sludge blanket-clarified
liquid interface sensing apparatus of the present inven-
tion could be used with types of waste water treatment
systems other than sequencing batch reactors where
there is a sludge blanket formed and clarified water is
removed from above the sludge blanket.

It 15 to be understood that while certain forms of the
present invention have been illustrated and described
herein, it is not to be limited to the specific forms or
arrangement of parts described and shown. |

What is claimed and desired to be secured by Letters
Patent is as follows: |

1. In a clarified liquid-liquid sludge blanket decanting
and 1nterface detector apparatus comprising floating
decanter means for controlling the decanting of a clari-
fied liquid from a waste water treatment vessel from
above a sludge blanket, the improvement comprising:

(a) interface detector means capable of detecting an

interface between a clarified portion of a liquid and
a layer of suspended sludge within said liquid; and
(b) suspension means adapted to connect said detec-
tor means in depending relation from said floating
‘decanter means. | | |

2. An apparatus as set forth in claim 1 wherein said

apparatus 1s operable for use with decanter valve means

flow connected to said decanter means and operable to
65

flow control decanting through said decanter means,

and said apparatus further including: T
controller means coupled with said detector means
~ and adapted for coupling with said valve means;
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said controller means being operable for causing said
valve means to close to thereby shut off decanting
through said decanter means upon said detector
means coming Into contact with and detecting said

- interface.

3. An apparatus as set forth in claim 2 and including:

(a) threshold means coupling said detector means to
said controller means, said threshold means output-

ting a selected logic level upon said detector means
detecting a selected concentration of sediment as
said detector means passes through said interface.

4. An apparatus as set forth in claim 2 and including:

(a) fixed posmen interface sensor means adapted to be
positioned 1n said vessel at a selected depth therein
and coupled to said controller means: and

(b) said controller means being operative to open said
decanter valve means to initiate decanting through
said decanter means upon said fixed position inter-
face sensor means detecting said interface.

5. A sludge blanket layer detector apparatus operable
for detecting a layer of sludge in a wastewater treat-
ment process utilizing floating decanter means con-
nected to a decanter conduit having decanter valve
means flow connected therein and operable to control
decanting of liquid from a reactor container of said
process through said decanter means, said apparatus
comprising:

(a) a detector frame; -

(b) a light source and a light sensor positioned in
spaced apart relation on said detector frame
whereby a portion of said liquid is located between
said source and said sensor and suspended sludge
within said portion of said liquid affects the trans-
mission of light from said source to said sensor:

(c) suspension means adapted to connect said detec-
tor frame in depending relation to said floating
decanter means; and

(d) controller means having said light sensor coupled
thereto and adapted for coupling with said de-
canter valve means; |

said controller means being operable for causing said
valve means to close so as to shut off decanting
through said decanter means in response to said
light sensor detecting said layer.

6. An apparatus as set forth in claim 5 in combination

with: |

(a) turbidity sensor means adapted to be positioned in
said decanter conduit and coupled to said control-
ler means; and

(b) said controller means being 0perable for causing
said valve means to close to thereby shut off de-
canting through said decanter means upon said
turbidity sensor means sensing sludge liquid in
within said conduit.

7. An apparatus as set forth in claim 6 wherein sald

turbidity sensor means includes:

(a) a turbidity light source; and

(b) a turbidity light sensor coupled to said controller
means and positioned in spaced relation to said
turbidity light source whereby said liquid flows
between said turbidity light source and said turbid-
ity light sensor and suspended sludge in said liquid
affects the transmission of light from said turbidity
Jlight source to said turbidity light sensor.

8. An apparatus as set forth in claim 5 and including:

(a) threshold means coupling said light sensor to said
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controller means, said threshold means outputting
a selected logic level upon said light sensor detect-

10

Ing a selected concentration of suspended sludge in
said layer.
9. An apparatus as set forth in claim 5§ and including:
(a) fixed position sludge blanket sensor means
adapted to be positioned in said container at a se-
lected depth therein and coupled to said controller
means; and

(b) said controller means being operative to open said
decanter valve means to initiate decanting through
said decanter means upon said fixed position sludge
blanket sensor means detecting an interface be-
tween said layer of sludge and said quuid to be
decanted.

10. A suspended sludge detector apparatus operable
for detecting sludge suspended in a clarified liquid of a
wastewater treatment process utilizing floating de-
canter means connected to a decanter conduit having
decanter valve means flow connected therein and oper-
able to control decanting of liquid from a reactor con-
tainer of said process through said decanter means, said
apparatus comprising:

(a) a sludge blanket detector frame;

(b) a sludge detector light source and a sludge detec-
tor light sensor positioned in spaced apart relation
on said detector frame whereby a portion of said
liquid is located between said source and said sen-
sor and suspended sludge within said portion of
liquid affects the transmission of light from said
source to said sensor;

(c) suspension means adapted to connect said detec-
tor frame in depending relation to said decanter
means;

(d) turbidity sensor means adapted to be positioned in
said decanter conduit and operative to detect
sludge suspended in said liquid in said conduit; and

(e) controller means having said light sensor means
and said turbidity sensor means coupled thereto,
and adapted for coupling with said decanter valve
means;

said controller means being operable for causing said
valve means to close so as to shut off decanting
through said decanter means in response to said
sludge detector light sensor or said turbidity sensor
means detecting said sludge in said liquid.

11. An apparatus as set forth in claim 10 wherein said

'turbidity sensor means includes:

(a) a turbidity light source; and
(b) a turbidity light sensor coupled to said contrnller
means and positioned in spaced relation to said
turbidity light source where, when said liquid
flows between said turbidity light source and said
turbidity light sensor, then suspended sludge in said
liquid affects the transmission of light from said
turbidity light source to said turbidity light sensor.
12. An apparatus as set forth in claim 10 and includ-
ing:
(a) threshold means coupling said sludge detector
light sensor and said turbidity sensor means to said
controller means, said threshold means outputting
a selected logic level upon said sludge detector
light sensor or said turbidity sensor means detect-
ing a selected concentration of suspended sludge in
said liquid. |
13. An apparatus as set forth in claim 10 and includ-
Ing: | _
a) fixed position . suspended sludge SeNSOr means
adapted to be positioned in said container at a se-
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lected depth therein and coupled to said controller
means; and

(b) said controller means being operative to open said
decanter valve means to initiate decanting through
said decanter means upon said fixed position sus-
pended sludge sensor means detecting an interface
between a layer of said suspended sludge and said
liquid to be decanted.

14. In a clarified liquid-sludge blanket interface detec-
tor apparatus adapted for a process utilizing floating
decanter means for controlling the decanting of a clari-
fied liquid from a waste water treatment vessel from
above a sludge blanket, said process also utilizing de-
canter valve means flow connected to said decanter
means and operable to flow control decanting through
sald decanter means, said decanter means being flow
connected to a decanter conduit having said valve
means flow connected therein, the improvement com-
prising:

(a) interface detector means:

(b) suspension means adapted to connect said detec-
tor means in depending relation from said floating
decanter means;

(c) controller means having said detector means cou-
pled thereto and adapted for couplmg with said
valve means;

said controller means being operable for causing said
valve means to close to thereby shut off decanting
through said decanter means upon said detector
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means coming into contact with and detecting said
interface; and
(d) turbidity sensor means adapted to be positioned in
said decanter conduit and coupled to said control-
ler means; *

said controller means also being operable for causing
said valve means to close so as to operably shut off
decanting through said decanter means upon said
turbidity sensor detecting suspended sediment in
the water within said conduit.

15. In a clarified liquid-sludge blanket decantmg and
interface detector apparatus comprising floating de-
_canter means for controlling the decanting of a clarified
liquid from a waste water treatment vessel from above
a sludge blanket, the improvement comprising:

(2) interface detector means including:

(1) light source means; and

(2) light sensor means positioned in spaced relation

- to said light source means such that portions of
said liquid are located directly between said
source means and said sensor means during use
and whereby suspended sediment, including sed-
iment in said sludge blanket, within said liquid
affects the transmission of light from said source
means to said sensor means; and

(b) suspension means connecting said detector means

in depending relation from. said floating decanter

INCAIS.
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